In a series of experiments, flurprimidol (Topflor, SePRO Inc., Carmel, Indiana, USA) was applied as a preplant bulb soak to determine its efficacy on growth control of 'Star Gazer' oriental lily (Lilium hybrids), 'Nellie White' Easter lilies (Lilium longiflorum), and vigorously growing tiger lilies (Lilium lancifolium). 
INTRODUCTION
Preplant bulb soaks using plant growth regulators have been shown to control lily height. Extensive research investigated the effectiveness of ancymidol as a preplant bulb soak (Lewis and Lewis, 1980; Wilkins and Grueber, 1983; Larson et al., 1987; Wulster et al., 1987) . Ancymidol preplant bulb soaks were not adopted commercially because of inconsistent results (Larson et al., 1987) . Uniconazole has an advantage over ancymidol due to higher activity at lower doses (Bailey and Miller, 1989a) . Preplant uniconazole soaks to Asiatic hybrid lilies have been reported to be more effective than substrate drenches (Bearce and Singha, 1990) . Uniconazole preplant bulb soaks of 0.25 to 10 mg L -1 ranging from 1 to 30 min, with lower concentrations soaked for longer durations, were found to be effective in controlling excessive plant growth of Easter lilies (Bailey and Miller, 1989b) and hybrid lilies (Ranwala et al., 2002) .
Flurprimidol (Topflor, SePRO Corp., Carmel, Ind.) has been available in Europe for over 20 years as a 1.47% formulation and was introduced into the US market as a 0.38% formulation. At this time commercial dose recommendations for potted lilies are not available. Therefore, the objective of this research was to determine the efficacy of flurprimidol preplant bulb soaks for height control of 'Star Gazer' oriental lily (Lilium hybrids), 'Nellie White' Easter lilies (Lilium longiflorum), and vigorously growing tiger lilies (Lilium lancifolium). ) were applied for 10 min: flurprimidol (0.38%) at 25, 50, 100, 200, or 400. An untreated control was also included. The experiment was a completely randomized design with six single plant replications of the 6 treatments. Emergence dates (for bulbs treated with soaks), anthesis date (one flower per plant fully opened), plant height at anthesis (measured from the soil line to the uppermost tip of the inflorescence), and number of buds on the stem with the first open flower were recorded. . The experiment was randomized with eight replications of each of the seven treatments. Data were collected on date of emergence, anthesis date, height at anthesis, and number of buds. All data were subjected to PROC GLM and PROC REG (SAS Inst., Cary, NC). Where the F test indicated evidence of significant difference among the means, LSD (P0.05) was used to establish differences between means. were applied for 5 min. The bulbs were allowed to air dry overnight prior to potting. Untreated controls were also included. The bulbs were potted with one bulb per pot, in 15.2 cm diameter round plastic pots with a volume of 1.9 L (2.01 quarts) on 14 December 2005. The root substrate was Berger BM 6 (Berger Peat Moss, St. Modeste, Quebec, Canada), which contained (v/v) 75% to 80% Canadian sphagnum peat and 20% to 25% perlite. Plants were placed in a greenhouse under natural day lengths after potting with day/night temperature set points of 20.0/18.3°C. Plants were fertilized weekly with 150 mg L -1 N using 15-0-15. The experiment was a completely randomized design with six single plant replications of the seven treatments. Emergence dates (for bulbs treated with soaks), anthesis date (one flower per plant fully opened), plant height at anthesis (measured from the soil line to the uppermost tip of the inflorescence), and number of buds on the stem with the first open flower were recorded.
Lilium lancifolium
Lilium longiflorum 'Nellie White' Preplant Flurprimidol Soak Length 1. Experiment 6. Size 9/10 bulbs were hydrated in 17°C water for 1 h, allowed to drain for 1 h, given either a 0, 2, or 4 mg L -1 flurprimidol soak for the duration of 1, 2, 4, 8, 16, 32, or 64 min, and then allowed to drain for 1 h prior to potting on 10 December 2009. Bulbs were planted into 15-cm wide (1.6 L) pots containing soilless substrate comprised of (v/v) 80% sphagnum peat moss and 20% perlite (Fafard 1P). Plants were grown under a constant 18.3°C air temperature under ambient daylength and irradiance. Plants were fertilized at each irrigation using 15-2-13 Cal-Mag at 200 mg L -1 N. The experiment was completely randomized design in a factorial arrangement with soak concentration (3 levels) and soak length (7 levels) as factors with 5 replications (individual plants) for each treatment combination. Data were collected on date of emergence, flowering date, height at flowering, and number of buds.
Lilium longiflorum 'Nellie White' Preplant Water Soak Length 1. Experiment 7. Size 9/10 bulbs were hydrated in 17°C water for a duration of either 0, 7.5, 15, 30 or 60 min, allowed to drain for 1 h, given either a 0, 2, or 4 mg L -1 flurprimidol soak for 10 min, and then allowed to drain for 1 h prior to potting on 10 December 2009. Bulbs were planted into 15-cm wide (1.6 L) pots containing soilless substrate comprised of (v/v) 80% sphagnum peat moss and 20% perlite (Fafard 1P). Plants were grown under a constant 18.3°C air temperature under ambient daylength and irradiance. Plants were fertilized at each irrigation using 15-2-13 Cal-Mag at 200 mg L -1 N. The experiment was a completely randomized design in a factorial arrangement with water presoak length (5 levels) and soak concentration (3 levels) as factors with 5 replications (individual plants) for each treatment combination. Data were collected on date of emergence, anthesis date, height at anthesis, and number of buds.
Lilium longiflorum 'Nellie White' Preplant Soak and Drench Combinations 1. Experiment 8. Size 10/12 bulbs were hydrated in 17°C water for 1 h, allowed to drain for 1 h, given 10-min soaks in 0, 0.5, or 1.0 mg L -1 flurprimidol solutions, and then allowed to drain for 1 h prior to potting on 10 December 2010. Bulbs were planted into 15-cm wide (1.6 L) pots containing soilless substrate comprised of (v/v) 80% sphagnum peat moss and 20% perlite (Fafard 1). Plant height was recorded at emergence and weekly thereafter, and treatment averages were plotted on graphical tracking software (Heins et al., 1987) . When height exceeded the upper limit of the graphical tracking curve, 120-ml drenches containing 0, 0.05, or 0.10 mg·L -1 flurprimidol were applied to the surface of the substrate. Plants were grown under a constant 18.3°C air temperature under ambient daylength and irradiance. Plants were fertilized at each irrigation using 15-3-16 Cal-Mag at 200 mg·L -1 N. The experiment was completely randomized design in a factorial arrangement with soak (3 levels) and drench (3 levels) as factors with 10 replications (individual plants) for each treatment combination. Data were collected on date of emergence, anthesis date, height at anthesis, and number of buds. Analyses of variance and pairwise comparisons between treatments using Tukey's honestly significant difference (HSD) test at P≤0.05 were performed using SPSS 17.0 (SPSS Inc., Chicago, IL).
RESULTS AND DISCUSSION

'Star Gazer' Preplant Soaks (Experiment 1)
Preplant bulb soaks of flurprimidol >61.5 mg L -1 produced the shortest plants at 27.3 cm tall (Fig. 1) , which were 55.9% shorter than the untreated control. No further increases in height control occurred at higher concentrations. Concentrations >61.5 mg L However, these concentrations resulted in excessive height control (43.8% shorter than the untreated control, data not shown) and were 8 to 16 times greater than our recommended rate.
Lilium lancifolium (Experiments 2, 3 and 4)
During the first season of the experiment, 'Orange Tiger' emergence date was not significantly different with varying concentrations of flurprimidol. The mean time for shoot emergence was 17 days. Height was controlled with flurprimidol preplant bulb soaks (Fig. 2) ; these concentrations resulted in shorter plants more suitable for retail sales. Consumers desire to have smaller plants that are easier to transport home but ultimately wish for 'Orange Tiger' to grow to its normal height. The lack of residual effect of flurprimidol supports the suitability of this treatment.
Flurprimidol preplant bulb soaks controlled the height of all three Lilium lancifolium cultivars (Fig. 3) and had no effect on emergence date, anthesis date, or bud count. 'Yellow Tiger' was the tallest cultivar with the untreated control being 170. Variation in cultivar response to plant growth regulators has also been reported by Miller (1992) ; thus, trialing will be required to determine optimal flurprimidol concentration for each cultivar.
Lilium longiflorum 'Nellie White' Preplant Soak (Experiment 5)
Plant height was 27.8 and 54.6% shorter than the control when treated with 1.25 and 2.5 mg L -1 flurprimidol, respectively (Fig. 4) ranging from 1 to 30 min, with lower concentrations soaked for longer durations, were found to be effective in controlling plant growth of Easter lilies (Bailey and Miller, 1989b) and hybrid lilies (Ranwala et al., 2002) .
Lilium longiflorum 'Nellie White' Preplant Flurprimidol Soak Length (Experiment 6)
Because of the high efficacy of flurprimidol on Lilium longiflorum 'Nellie White', varying the soak length was trialed. The efficacy of flurprimidol increased as the soak length increased from 1 to 64 min (Fig. 5) . Soak lengths of 1 to 16 min provided similar results and should be targeted by growers for more consistent results. With uniconazole, a lower soak concentration of 0.25 mg L -1 and durations of up to 30 min were found to be more effective in controlling excessive plant growth of Easter lilies (Bailey and Miller, 1989b) and hybrid lilies (Ranwala et al., 2002) .
Lilium longiflorum 'Nellie White' Preplant Water Soak Length (Experiment 7)
Hydrating the lily bulbs was tested as a method to provide consistent results with flurprimidol preplant soaks. When plants were not hydrated, plant heights were shorter with both the 2 and 4 mg L -1 flurprimidol (Fig. 6) . The moisture level and condition of the bulbs can vary. Hydrating will help provide more consistent results with flurprimidol preplant bulb soaks. Our results with flurprimidol are consistent with recommendations for uniconazole in which hydrating the bulbs provided more consistent response (Ranwala et al., 2002) .
Lilium longiflorum 'Nellie White' Preplant Soaks and Drenches (Experiment 8)
Emergence date, flowering date, and number of buds were unaffected by all plant growth regulator treatments (data not shown). Flurprimidol soaks or drenches (but not the interaction) suppressed final height (data not shown). However, the suppression in height with the concentrations used in this experiment was not enough to be considered commercially useful in production of flowering Easter lilies.
CONCLUSIONS
Optimal concentration of flurprimidol varied with the Lilium species grown. 
